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Abstract 

Aim: Gamma-glutamyltransferase (GGT) and high density lipoprotein (HDL) have roles in fatty liver, atherosclero- 
sis, oxidative stress, diabetes, and insulin resistance. 
This study's aim was to examine the predictive value of GGT/HDL ratio and of triglyceride/HDL ratio for patients 
with type II diabetes mellitus (T2DM) and to evaluate their diagnostic efficacy. 
As far as we know, this is the first study examining the utility of GGT/HDL ratio in type II diabetes mellitus, its 
predictive value and its diagnostic efficacy. 
Material and Methods: A total of 90 people with similar demographic characteristics, including 60 patients with 
T2DM and a control group consisting of 30 individuals, were included in this study. Age, sex, fasting serum glu- 
cose, total cholesterol, triglycerides, HDL, LDL, GGT, fasting serum insulin, HbAtc, uric acid, C-reactive protein, tri- 
glycerides/HDL ratio, GGT/HDL ratio and uric acid/HDL ratio levels were evaluated within the scope of the study. 
Results: A difference in TAG/HDL ratio between the patient and control groups was found (p=0.005). A significant 
difference was found in GGT/HDL ratio between the patient and control groups (p=0.021). 
Positive correlations were found between TAG/HDL ratio and HbAic and between TAG/HDL ratio and glucose in 
he patient and control groups (rho: 0.251, p:0.018; rho: 0.349, p< 0.001, respectively). Positive correlations were 
ound between GGT/HDL ratio and HbAtc and GGT/HDL ratio and glucose (rho: 0.252, p< 0.017; rho: 0.371, p<0.001, 
respectively). According to the ROC analysis, the AUC results were as follows: AUC: 0.682 for triglyceride/HDL 
ratio and AUC: 0.651 for GGT/HDL ratio. 
Discussion: In conclusion, there were significant associations between GGT/HDL and diabetes and between 
riglycerides/HDL and diabetes in type 2 diabetic patients. The GGT/HDL ratio was found to have a positive cor- 
relation with HbAic and glucose. Both indices may have high discriminatory power to predict the patients with 
T2DM (AUC of TAG/HDL: 0.682 and AUC of GGT/HDL: 0.651). However, prospective studies with more subjects are 
required for validation purposes. As far as we know, this is the first study describing the usefulness of GGT/HDL 
ratio in type II diabetes mellitus, its predictive value and its diagnostic efficacy. 
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Introduction 

Today, according to the World Health Organization data, diabetes 
mellitus affects 422 million people worldwide. According to the Global 
Report on Diabetes, the prevalence of diabetes was 4.7% in 1980 and 
in 2014 it was 8.5%. Also, it was predicted that the number of diabetic 
patients will reach 642 million by 2040. Approximately 95% of the 
diabetes cases are type || diabetes mellitus (T2DM) patients and this 
results in the death of millions of people each year [1, 2]. 

Diabetes is characterized by high blood sugar and is one of the leading 
causes of death. Diabetes disease is a strong risk factor and chronic 
metabolic disease that includes a wide range of other diseases such 
as end-stage renal disease, atherosclerosis, neuropathy, retinopathy, 
cardiovascular diseases, limb amputation, increased fetal mortality, 
preeclampsia, and cerebrovascular stroke [1, 3, 4]. 

Behavioral risk factors such as physical inactivity and unhealthy diet, 
along with changing lifestyles, have led to an increase in metabolic risk 
factors closely related to diabetes. 

The increase in most metabolic risk factors such as obesity, 
hyperlipidemia, and insulin resistance leads to cardiovascular diseases 
and T2DM, and then, to related complications over time [4]. 

The way to prevent diabetes, diagnose it earlier and keep it under 
control is to reduce high blood sugar levels, reduce behavioral and 
metabolic risk factors and follow up these. 

Therefore, tests such as glycosylated hemoglobin (HbAtc), oral glucose 
tolerance test (OGTT), fasting blood glucose, and lipid parameters are 
vital for preventing the progression of metabolic risk factors such 
as obesity, hyperlipidemia, insulin resistance to T2DM and for early 
diagnosis [1, 2, 5]. 
Today, HbAic is accepted as the best indicator for the diagnosis and 
follow-up of diabetic control. HbAtc reflects average blood glucose levels 
over a period of approximately 120 days. High HbAtc level is correlated 
with poor glycemic control and a strong risk of complications [5]. 
Although HbA'c is an ideal test for the diagnosis and follow-up of type 
ll diabetes mellitus, it cannot reflect daily or recent glucose regulation 
[5]. However, it has disadvantages such as high cost and not being 
required routinely [6]. 
lt has been shown that proportional parameters such 
triacylglycerides/high-density lipoprotein (TAG/HDL), uric acid/HDL, 
gamma-glutamyltransfrase (GGT)/HDL, which are used in studies 
conducted in recent years, and their associations in metabolic 
syndrome, atherosclerosis, non-alcoholic fatty liver disease (NAFLD}, 
insulin resistance, T2DM diseases have predictive and diagnostic value 
[7, 8]. It has been accepted that uric acid/HDL-C is the best predictor for 
NAFLD, and the TAG/HDLC ratio is a good predictor of renal dysfunction 
[7, 9]. 
The association of GGT and HDL with diabetes, insulin resistance, 
obesity, cardiovascular risk, and oxidative stress is commonly known 
today [10]. High triglycerides and decreased HDL levels are considered 
one of the indicators of metabolic syndrome. It is also known that HDL 
has antioxidant and antithrombotic characteristics and is associated 
with various metabolic disorders [7]. 
GGT, HDL, and triglycerides parameters, which are routinely measured 
in all healthcare facilities and are inexpensive to measure, are closely 
associated with obesity, metabolic syndrome, lipidemia, and diabetes 
[10]. 
However, the correlation between GGT/HDL ratio and HbAlc for patients 
with T2DM, its predictive value and diagnostic efficacy have not been 
examined. These indices may have potential use for the screening of 
patients with diabetes and poor glycemic control. 

The objective of this paper is to examine the predictive value of GGT/ 
HDL ratio and TAG/HDL ratio for patients with T2DM and to evaluate its 
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diagnostic efficacy. 

Material and Methods 

A total of 90 people with similar demographic characteristics, including 
60 patients with T2DM and a control group consisting of 30 healthy 
volunteers, were included in this study. The permission for the study 
was granted by Mugla Sitki Kocman University Research and Training 
Hospital (decision: 2022/20) in accordance with the provisions of the 
Declaration of Helsinki. 

The patient group consisted of patients with T2DM diagnosis who had 
HbAlc values above 6.5%, aged between 18-65 years, without infective 
diseases, had no viral hepatitis history, without any acute-chronic 
hepatitis, and liver or other organ failures. Patients with a history of 
surgery, cholestasis, thyroid dysfunction, and chemotherapy were 
excluded from the study. The control group included healthy subjects 
with demographic characteristics similar to the patients. 

Glucose, GGT, HDL, total cholesterol, triglycerides, and uric acid levels 
were measured using the enzymatic and spectrophotometric methods 
onan Advia 1800 analyzer (Siemens Diagnostics, Germany). Insulin levels 
were measured on an XPT analyzer (Siemens Diagnostics, Germany] 
using the chemiluminescent method. HbAic levels were measured by 
high pressure liquid chromatography (HPLC) using an ADAMS Alc HA- 
8180V analyzer (Arkray, Japan). 

Statistical analysis 

All the statistical analyzes were performed using Jamovi (version 
1.6.23). The Shapiro-Wilk test was used to assess the conformity of the 
variables to the normal distribution. Since the variables of the groups 
were not normally distributed, the group differences were evaluated 
using the Mann-Whitney U test. Spearman's correlation coefficients 
were calculated to determine the associations between continuous 
variables. Binomial logistic regression was used to predict the 
presence of type 2 diabetes using GGT/HDL ratio. ROC curve analysis 
was performed to evaluate the binomial classification performance 
of the GGT/HDL ratio. For all statistical tests, P-values < 0.05 were 
considered significant. 


Results 

Table 1 shows the demographic data about patient and control groups. 
A statistically significant difference was found for TAG/HDL ratio 
between the patients and the control group (p=0.005). 

A significant difference was found for GGT and GGT/HDL ratio between 
the patients and the control group (p=0.025, p=0.021, respectively). 

A positive correlation was found between TAG/HDL ratio and HbAtc as 
well as between TAG/HDL and glucose (rho: 0.251, p=0.018; rho=0.349, 
p<0.001, respectively). A positive correlation was found between GGT/ 
HDL ratio and HbAic as well as between GGT/HDL ratio and glucose 
(rho: 0.252, p< 0.017; rho: 0.371, p<0.001, respectively). 

For the ROC analysis with a cut-off value of 0.52, the TAG/HDL-C index had 
a sensitivity of 35.59% and a specificity of 93.3% in predicting diabetes. 
With a cut-off value of 0.52, the GGT/HDL-C ratio had a sensitivity of 


Sensitivity ——- Specificity 


Figure 1. GGT/HDL Ratio Cut-off Plot 
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Figure 2. TAG/HDL Ratio Cut-off Plot (TAG/HDL AUC: 0.682, 
%95 Cl ve GGT/HDL AUC: 0.651, %95 Cl) Figure 3. TAG/HDL Ratio and GGT/HDL Ratio ROC Curves 


Table 1. Demographic Characteristics of the Patients with Type II Diabetes and Healthy Controls 


Patients (n=60) Controls (n=30) 
Mean + SD Min-max (median) Mean + SD Min-max (median) 
Age (years) 52.8 + 7.29 29 - 63(54) 46.7 413.4 27-62 (34) 0.369 
Female 30(50) 16(55) 
Sex n (%) 
Male 30(50) 14(45) 


Significant p < 0.05" 


Table 2. Blood chemistry variables of the patient and the control groups 


Patient 
Median Median 
Triglycerides (mg/dL) 174 124-251 128 90.5 - 159 0.003 
HDL (mg/dL) 45.5 532) = By BISh) 43 - 61.3 0.079 
LDL (mg/dL) 112 93.5 - 139 109 101 - 126 0.605 
Cholesterol (mg/dL) 201 75i=229) 194 176 - 214 0.696 
Fasting plasma glucose (mg/dL) 161 130-225 92 90 - 96.8 <0.001 
GGT (U/L) 25 14-31 18.5 14-20 0.025 
Fasting plasma insulin (mU/L) 11 7.04.2017 8.2 8.2 - 12.6 0.108 
HbA1c (%) 8 69519195 55) 5.38 - 5.6 <0.001 
Uric acid (mg/dL) 4 4.05.1995 5 447-6 0.087 
CRP (mg/dL) 92. 0.79-4.75 0.92 0.35-2.43 0.049 
Triglycerides /HDL ratio 3.1 2.27-6.38 2.3 1.7-3.78 0.005 
GGT/HDL ratio OI55) 0.29-0.87 0.36 0.27-0.43 0.021 
Uric acid/HDL ratio 0.103 0.07-0.12 0.09 0.06-0.11 0.345 


Note. Independent Samples T test, Mann-Whitney U test, Significance p < 0.05° 


Table 3. Correlation matrix between GGT/HDL, TAG/HDL ratios and other variables 


TAG/HDL GGT/HDL Uric acid/HDL HbA1c Glucose 

Spearman's rho _ 
TAG/HDL 

p-value _— 

Spearman's rho 0.612 _ 
GGT/HDL 

p-value <.001 — 

Spearman's rho 0.394 0.496 _— 
Uric acid/HDL 

p-value <.001 <.001 _ 

Spearman's rho 0.251 0.252 0.086 _ 
HbA1c 

p-value 0.018 0.017 0.427 _ 

Spearman's rho 0.349 0.371 0.129 0.871 _— 
Glucose 

p-value <.001 <.001 0.232 <.001 _ 
Note. Significant p < 0.05 
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Discussion 

This study examines the associations between GGT/HDL ratio, TAG/HDL 
ratio, and T2DM in an adult population with type 2 diabetes. As far as 
we know, this is the first study describing the utility of GGT/HDL ratio 
in type Il diabetes mellitus, its predictive value and diagnostic efficacy. 
Gamma-glutamyltransferase - high-density lipoprotein cholestero 
ratio (GGT/HDL) is a new index. Accumulated data from epidemiologica 
studies in recent years show that GGT can be used as an indicator 
for diseases such as fatty liver, atherosclerosis, diabetes, and insulin 
resistance. GGT is a transmembrane protein that has protective 
properties against oxidative stress and provides amino acid transfer 
from the extracellular environment. It is also a soluble protein that can 
increase insulin resistance and reduce the risk of metabolic syndrome 
and other chronic diseases [10, 11]. It is also known to have antioxidant 
and antithrombotic characteristics and is associated with various 
metabolic disorders. HDL is a lipoprotein which has anti-inflammatory 
and antioxidant properties. Low levels are observed in cases of type 2 
diabetes and of metabolic syndrome [10, 12]. 

In the study by Feng et al. the associations between GGT/HDL ratio 
and metabolic syndrome as well as non-alcoholic fatty liver disease 
were examined, and researchers reported that the GGT/HDL index had 
a predictive value for NAFLD patients [13]. 

T2DM, NAFLD, and metabolic syndrome share similar risk factors and 
similar pathogenesis [14]. These have common dyslipidemic properties 
[12, 13]. The data we obtained in our study suggest that there is a positive 
and significant correlation between GGT/HDL and HbAic and between 
GGT/HDL glucose in type 2 diabetes. The possible reason for this may be 
that increased oxidative stress increases intracellular GGT levels, which 
can be considered a biomarker for GSH metabolism [15, 16]. 
According to our findings from this study, higher levels of GGT/HDL-C 
and TAG/HDL are positively correlated with HbAtc and glucose levels. 
However, according to the results of the ROC curve analysis, both ratios 
have a weak discrimination power in the prediction of type 2 diabetes 
(TAG/HDL AUC: 0.682 and GGT/HDL AUC: 0.651). 

Various previous studies have shown that increased TAG/HDL ratio is a 
better indicator than other lipid parameters for metabolic syndrome, 
diabetes, atherosclerosis, cardiovascular disease, and insulin resistance 
[3, 4, 17]. A previous study revealed that the presence of increased TAG/ 
HDL level is associated with an increase in HbAtc. The link between 
high TAG/HDL and poor diabetic control has been confirmed by clinical 
studies as well [18, 19]. 

In the study of Giannini et al., an association was found between TAG/ 
DL ratio and insulin resistance in young patients with childhood 
obesity. It was reported that the TAG/HDL index could be used 
effectively in differentiating individuals with high morbidity [8]. Lin 
et al. reported that there was a correlation between TAG/HDL ratio 
and insulin resistance, HbA1c, OGTT in the Chinese population of 9764 
people and that they obtained a better diagnostic value [17]. Another 
study examined the correlation between TAG/HDL ratio and insulin 
resistance, beta cell function in the Hispanic population. According 
to the results obtained, TAG/HDL index was found to be successfu 
in predicting insulin resistance for patients with atherosclerosis and 
predicting diabetes for women [20]. 

In our current study, in line with the results of other studies mentioned 
above, TAG/HDL ratio was found to be higher for diabetic patients 
compared to the normoglycemic control group. In this study, both TAG/ 
HDL and GGT/HDL ratios were examined. These ratios were found to 
have insufficient specificity and sensitivity to detect diabetes. In the 
ROC curve analysis, the TAG/HDL had a greater AUC value to identify 
T2DM patients. One of the possible reasons for this may be the relatively 
small size of our sample group. In addition, the exercise and diet habits 
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of our patients were unknown to us. High HDL may alter the effects of 
hypertriglyceridemia on liver cells [21]. 

Conclusion 

In conclusion, there were significant associations between GGT/HDL 
and diabetes and between triglycerides/HDL and diabetes in type 
2 diabetic patients. The GGT/HDL ratio was found to have a positive 
correlation with HbAic and glucose. Both indices may have high 
discriminatory power to predict diabetes for patients with T2DM (TAG/ 
HDL-C AUC: 0.682 and GGT/HDL-C AUC: 0.651). To understand their true 
potentials, prospective studies with more subjects are required. 
Lastly, to the best of our knowledge, this is the first study describing 
the association between GGT/HDL ratio and type || diabetes mellitus, its 
predictive value and diagnostic efficacy. 

Limitations of the study 

Our sample group was relatively small and information about the 
exercise habits, obesity status and nutritional habits of our patients 
could not be reached for the study. 
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